Limited research has examined polysubstance use profiles among young adults focusing on the various tobacco products currently available. We examined use patterns of various tobacco products, marijuana, and alcohol using data from the baseline survey of a multiwave longitudinal study of 3418 students aged 18-25 recruited from seven U.S. college campuses. We assessed sociodemographics, individual-level factors (depression; perceptions of harm and addictiveness,), and sociocontextual factors (parental/friend use). We conducted a latent class analysis and multivariable logistic regression to examine correlates of class membership (Abstainers were referent group). Results indicated five classes: Abstainers (26.1% per past 4-month use), Alcohol only users (38.9%), Heavy polytobacco users (7.3%), Light polytobacco users (17.3%), and little cigar and cigarillo (LCC)/hookah/marijuana co-users (10.4%). The most stable was LCC/hookah/ marijuana co-users (77.3% classified as such in past 30-day and 4-month timeframes), followed by Heavy polytobacco users (53.2% classified consistently). Relative to Abstainers, Heavy polytobacco users were less likely to be Black and have no friends using alcohol and perceived harm of tobacco and marijuana use lower. Light polytobacco users were older, more likely to have parents using tobacco, and less likely to have friends using tobacco. LCC/hookah/marijuana cousers were older and more likely to have parents using tobacco. Alcohol only users perceived tobacco and marijuana use to be less socially acceptable, were more likely to have parents using alcohol and friends using marijuana, but less likely to have friends using tobacco. These findings may inform substance use prevention and recovery programs by better characterizing polysubstance use patterns.
INTRODUCTION
Young adults are at the greatest risk for using various substances. 1 Since 2013, there has been an increasing interest in polysubstance use among young adults globally. [2] [3] [4] [5] [6] Young adulthood, particularly the transition to college, is a critical period for engaging in many health compromising behaviors, including substance use. [7] [8] [9] [10] Among young adults, polysubstance use patterns have changed little over recent years, 11 potentially suggesting that use of certain drugs may occur in the context of other drug use. 12 Three of the most commonly used substances among young adults in the U.S. are tobacco, marijuana, and alcohol. 13 Cigarettes continue to be the main source of tobacco use in the U.S., including among young adults. 14, 15 Notably, most research prior to the past four years has focused on cigarettes. Recently, however, various alternative tobacco products, including little cigars and cigarillos (LCCs), smokeless tobacco (i.e., chew, snus, dissolvable tobacco), and electronic cigarettes (e-cigarettes) have been introduced to the U.S. market, while waterpipes or hookahs have increased in popularity. 16, 17 These products may especially appeal to youth due to their attractive packaging, flavoring, dissolvable delivery systems, 1 and social appeal. [18] [19] [20] These products have significantly altered the terrain of tobacco use behavior and are often misperceived as safe among young adults. 21 Marijuana has been the most common illicit substance used in the U.S. for several decades, 22, 23 and its use has increased among young adults, 24 with 19.1% of young adults ages 18-25 reporting past month marijuana use in 2013. 25 Marijuana use has dramatically increased in young adults in recent years largely due to increased legalization and decriminalization of marijuana in the U.S. 26 and increasing social acceptability. 27, 28 Also of relevance to the current study is the common co-use of tobacco and marijuana. 29, 30 The changing tobacco market may have also changed how marijuana is used, 31 as users of hookah and LCCs may use the same materials (e.g., papers, waterpipe) to consume marijuana. 32 Alcohol is by far the most commonly used substance in young adults, with roughly 60% of U.S. young adults consuming alcohol in the past month. 33 According to the 2013 National College Health Assessment, 34 roughly 30% of college students reported drinking at least six of the past 30 days, and about 40% reported consuming at least five drinks the last time they "partied."
Research on concurrent or co-use of these substances is needed to understand use and couse patterns among young adults. This is critical, as using these substances during this developmental period may lead to lifelong impairments in brain function or establishment of negative health behaviors ultimately increasing risk of various diseases and illnesses. For example, co-use of marijuana and alcohol increases risk for motor vehicle crashes, 35, 36 short-and long-term memory impairment, 37 psychological disorders, 38, 39 and lower educational performance and attainment. [40] [41] [42] [43] Tobacco and marijuana use increases the risk for adverse respiratory and cardiovascular effects [44] [45] [46] [47] [48] and increased susceptibility to cancer. 49 These are only a small number of the negative consequences of using these substances in young adulthood.
Drawing from a socioecological framework, 50 several sociodemographic, individual-level, and sociocontextual factors might contribute to substance use. 51 First, substance use has been associated with several sociodemographic factors. For example, being male is associated with greater substance use, and racial/ethnic differences also exist in relation to use across substances. 52, 53 Second, from a more theoretical perspective, individual-level constructs drawn from the Theory of Planned Behavior 54, 55 and Health Belief Model 56,57 are associated with substance use. More positive attitudes toward use, decreased perceived risk of substance use, and greater social acceptability of use have been related to use of tobacco, marijuana, and alcohol. 21, 51 Moreover, increased depressive symptoms are associated with substance use. 51, [58] [59] [60] Third, social factors play an important role. Those with parents, friends, and other social influences who use a range of substances are more likely to be substance users themselves, with the types of substances used being similar to those they are most frequently exposed to. 21, 51 In addition, relational and household factors (e.g., having children living in the home 51 ) might be associated with substance use.
Given the risks associated with substance use, changing terrain of tobacco products available in the market, and changing landscape of marijuana use policies and social norms, this study aimed to examine: 1) profiles of substance use behaviors among young adult college students, with particular focus on use of various tobacco products, marijuana, and alcohol; and 2) sociodemographic, individual-level, and sociocontextual-level factors associated with use profiles among this sample.
MATERIALS AND METHODS

Procedure and Participants
The parent study, entitled Project DECOY (Documenting Experiences with Cigarettes and Other Tobacco in Youth), was approved by the Emory University and ICF International Institutional Review Boards as well as those of the participating colleges. Project DECOY is a sequential mixed-methods 61 longitudinal panel study of 3418 college students ages 18 to 25 from seven colleges in Georgia. The colleges include two public universities/colleges, two private universities, two community/technical colleges, and a historically black university located in rural and urban settings. Detailed information on this study is under review elsewhere. 62 Data collection began in Fall 2014 and consists of self-report assessments every four months for two years (during Fall, Spring, and Summer). Current analyses draw from the baseline data collected in Fall 2014. For the current latent class analysis (LCA), we included all 3418. The multivariable analyses focused on the 3193 (93.4%) with complete data on the potential correlates involved in this analyses.
Measures
Manifest variables for the LCA were chosen to represent five distinct tobacco products: cigarettes, LCCs, smokeless tobacco, e-cigarettes, and hookah. In addition, we included marijuana and alcohol use. Participants were asked to indicate yes or no to the following assessment: "For each of the following products, indicate if you have ever tried them in your lifetime" for each tobacco product, marijuana, and alcohol. Photos of the various tobacco products were also provided. Those who indicated lifetime use of each substance were subsequently asked, "In the past 4 months, on how many days have you used each of the following products?" with answer choices ranging from 0 to 120. Those who indicated any use in the past 4 months were then asked, "How many days of the past 30 days did you use [product X]?" with answer choices ranging from 0 to 30. All manifest variables were created by dichotomizing any versus no use in the past 4 months and any versus no use in the past 30 days.
Sociodemographic data collected included age, sex, race, and ethnicity.
At the individual level, we assessed depressive symptoms using the Patient Health Questionnaire -9 item (PHQ-9). 63 Cronbach's alpha for the PHQ-9 in the current study was 0.86. It was scored as the sum of items. We also asked about perceptions of tobacco products (regular cigarettes, LCCs, smokeless tobacco, e-cigarettes, hookah) and marijuana on a Likert scale of 1=not at all to 7=extremely. This included perceptions about harmfulness of product use, addictiveness, and social acceptability. 21 For each domain, an aggregate score was created by taking the average score across products. Cronbach's alphas for harm, addictiveness, and social acceptability were 0.73, 0.92, and 0.83, respectively.
At the sociocontextual level, we asked about place of primary residence and children living in that residence. We also asked if any parent currently used each of the tobacco products, marijuana, or alcohol, respectively, 21 and how many of their five closest friends currently used each product, respectively. 21 Except for alcohol use, the items related to friends' use were dichotomized as at least one friend used versus none. For alcohol use, the distribution indicated three categories: no friends, some friends, or all friends use alcohol.
Data Analysis
Descriptive statistics of sociodemographics and tobacco use characteristics were calculated. For the LCA, we investigated use patterns for the past 4 months and past 30 days. We analyzed the past 4 month data first due to higher prevalence of use across products. We investigated a succession of LCA models starting with the most parsimonious one-class model, which assumed that all college students' use patterns were the same, followed by models assuming two to six classes to find the most parsimonious model that provided an adequate fit to the data. We used the Akaike information criterion (five-class model) and Bayesian information criterion (four-class model) as well as class membership distribution to decide on the five-class model presented. We assumed a five-class model for past 30 day use, which was confirmed by the Akaike information criterion. We then examined stability of class membership across the past 4 month and past 30 day time frames. Finally, multinomial logistic regression, including sociodemographic, individual-level, and sociocontextual characteristics, was conducted to compare class membership in each of the four classes to a reference class (the Abstainers). Descriptive analyses were conducted in SAS 9.4. LCA and multinomial regression analyses were conducted in Mplus 7.3. All analyses account for clustering of students within schools.
RESULTS
Participant Characteristics
Descriptive statistics regarding sociodemographic, individual-level, and sociocontextual factors are shown in Table 1 .
Tobacco Product Use Prevalence
Past 4 month use of cigarettes (15.6%) was lower than use of hookah (21.5%), LCCs (20.1%), and e-cigarettes (16.5%; Table 2 ). However, cigarettes (13.4%) were the most commonly used tobacco product in the past 30 days. All tobacco product use was surpassed by the use of alcohol and marijuana in the past 4 and the past 30 days. Furthermore, more than 40% reported use of at least one tobacco product in the past 4 months, and nearly 30% had used at least one tobacco product in the last 30 days. In the past 4 months and past 30 days, many reported polytobacco use.
LCA Results
The LCA indicated five distinct classes ( Figure 1) . A significant portion reported no use of any substances (the "Abstainers"; 20.8% and 28.8% of the sample for past 4 months and 30 days, respectively). Another large class is characterized by use of "Alcohol only" (35.5% in past 4 months, 37.9% in past 30 days). The remaining three classes are characterized by different patterns of tobacco and marijuana use: "Light polytobacco users" (20.2% in past 4 months; 15.5% in past 30 days); "Heavy polytobacco users" (12.2% in past 4 months; 8.9% in past 30 days); and "LCC/hookah/marijuana co-users" (11.3% in past 4 months; 9.1% in past 30 days).
Stability of Class Membership
Classes were somewhat unstable when comparing past 4 month and past 30 day use (Table  3 ). For the past 30 days, the majority (65.9%) were classified as Abstainers. This is more than double the number classified as Abstainers based on past 4 month use (26.1%). Based on past 4 month use, most of the 30 day Abstainers were classified as using Alcohol only but not tobacco products or marijuana. However, 7.5% of 30 day Abstainers were classified as Light polytobacco users and 1.9% as LCC/hookah/marijuana co-users based on past 4 month use. The most stable class was the LCC/hookah/marijuana co-users. Of those classified as such based on past 30 day use, 77.3% were also classified as such based on past 30 day use; however, 20.7% were classified as Light polytobacco users and 13.4% were classified as Heavy polytobacco users. The Heavy polytobacco user class was the second most stable class; 53.2% of past 30 day Heavy polytobacco users were also identified as such per past 4 months use. Table 4 presents the results from the multinomial regression analysis identifying correlates of class membership; the referent group was the Abstainers. Relative to Abstainers, Heavy polytobacco users were less likely to be Black (OR=0.81, 95% Confidence Interval [CI] 0.69, 0.94, p=.006), rated the harm of tobacco and marijuana use lower (OR=0.93, CI 0.88, 0.97, p=.003), and were less likely to have no friends who used alcohol (OR=0.72, CI 0.53, 0.97, p=.01). Compared to Abstainers, Light polytobacco users were older (OR=1.07, CI 1.03, 1.11, p=.001), were more likely to have parents who use tobacco (OR=1.36, CI 1.16, 1.59, p<.001), and were less likely to have friends who use tobacco (OR=0.83, CI 0.76, 0.90, p<.001). Versus Abstainers, the LCC/hookah/marijuana co-users were older (OR=1.10, CI 1.03, 1.17, p=.005) and were more likely to have parents who use tobacco (OR=1.27, CI 1.12, 1.45, p<.001). Compared to Abstainers, Alcohol only users perceived tobacco and marijuana use to be less socially acceptable (OR=0.97, CI 0.95, 0.99, p=.03), were more likely to have parents who use alcohol (OR=1.18, CI 1.01, 1.37, p=.03), were less likely to have friends who use tobacco (OR=0.85, CI 0.74, 0.97, p=.002), but were more likely to have friends who use marijuana (OR=1.14, CI 1.06, 1.22, p=.001).
Indicators of Class Membership
DISCUSSION
Five distinct categories of young adult college students were identified in relation to substance use behavior profiles. The largest two groups for past 4 month and past 30 day time frames were Alcohol only users and Abstainers, respectively. The other three groups identified were Heavy polytobacco users, Light polytobacco users, and LCC/hookah/ marijuana co-users. One important finding is that the classification by group was relatively unstable, potentially indicating that young adult college students may not have established and consistent substance use habits. The Abstainer group was larger in the past 30 day analysis than in the past 4 month use analysis, with the majority of those that were regrouped being categorized as Alcohol only users for the 4 month time frame. The LCC/ hookah/marijuana co-users were the most consistent in use behaviors, with over threequarters consistently categorized versus 50% or less for other groups. Heavy polytobacco users were also relatively consistent, potentially indicating the role of addiction over time.
Notably, for the 4-month window, the greatest proportion of reclassified LCC/hookah/ marijuana co-users were classified as Light polytobacco users. Those who transitioned to Light polytobacco users from the 30 day time frame to the 4 month time frame were largely Alcohol only users, potentially indicating experimentation with or social use of these tobacco products.
A range of sociodemographic, individual-level, and sociocontextual factors were associated with substance use behaviors relative to abstainers. The Heavy polytobacco user category was distinct because of the high rates of use of various tobacco products along with the highest rates of marijuana and alcohol use. Thus, they demonstrated the highest risk behavior \ of any group. Versus Abstainers, Heavy polytobacco users were less likely to be Black, perceived less harm of tobacco and marijuana use, and were less likely to have friends who did not use alcohol. The findings related to race are consistent with prior research indicating that Blacks are less likely to use certain tobacco products (e.g., cigarettes, chew) and alcohol. 51 The findings regarding perceived harm are also expected. 21, 51 Additionally, the lower likelihood of having friends abstinent from alcohol, which is reasonable given that having friends who use substances is a risk factor for substance use. 21, 51 Light polytobacco users were distinct in their substance use, as they demonstrated some use of the range of tobacco products, also engaged in alcohol consumption, but had relatively low rates of marijuana use. Compared to Abstainers, Light polytobacco users were older and more likely to have parents who use tobacco. These findings may reflect greater opportunity to have experimented with tobacco and to have lived in an environment where tobacco use exposure and experimentation with a diversity of products were more normative. 51, 64 However, they were less likely to have friends who use tobacco, which might indicate that their current social network might be protective against heavy tobacco use.
The LCCs/hookah/marijuana co-users are interesting. Prior research has indicated high couse of these products, which might indicate use in the same apparatus and/or in similar social contexts. 31, 32 Versus Abstainers, LCC/hookah/marijuana co-users were older and more likely to have parents who use tobacco. Again, these findings might indicate greater exposure to tobacco products in their home settings and more time to experiment with tobacco products. 64 Finally, one of the largest classes was the Alcohol only user group. Compared to Abstainers, Alcohol only users were more likely to have parents who use alcohol and perceived tobacco and marijuana use to be less socially acceptable, which aligns with theory 54 and prior literature 21, 51 regarding risk and protective factors for use of different substances. Moreover, Alcohol only users were less likely to have friends who use tobacco but were more likely to have friends who use marijuana. We might expect alcohol users to have greater exposure to friends using the range of substances compared to those who abstain. 21, 51 The finding regarding lower prevalence of tobacco use among their social network is difficult to interpret, especially because alcohol and tobacco use frequently co-occur, and warrants future research.
In general, it is important to note that, despite the fact that our selection of key predictor variables was based on the literature, some anticipated associations were not found. For example, level of depressive symptoms did not differentiate any of the groups versus Abstainers. Another unanticipated null finding was in relation to perceived addictiveness of tobacco and marijuana. These null findings might be related to differences between use and abuse of substances, particularly among the young adult population, where some of these use patterns might be transient. In addition, several of the social influence factors demonstrated null results in relation to substance use group. For example, peer marijuana use did not significantly contrast the LCC/hookah/marijuana using group from the Abstainers, but it does contrast the Alcohol only group versus Abstainers. One reason for this may be that these measures were dichotomized and had range restrictions, thus limiting sensitivity to detecting group differences.
The current findings have implications for research and practice. First, subsequent research should examine how these classes transition in their substance use behaviors over time. The relative instability of some classes across 30-day and 4-month timeframes suggests that there may be reliable change in transitional classes (e.g., movers vs. stayers) and predictors of these changes across longer time intervals (e.g., one to two years). Qualitative research should also examine the experiences of and reasons for use, as well as patterns of use among these different substance use categories, particularly those that are nuanced such as the polytobacco groups and the LCC/hookah/marijuana co-user group. More broadly, latent class analyses should be included in substance use research to identify the patterns and sequence of using substances, evaluate predictors of transitions in use patterns, make statistical comparisons for substance use patterns across important variables (e.g., ethnic group, gender), and determine transitional patterns associated with interventions. In practice, more progressive policies are needed to decrease access to tobacco, marijuana, and alcohol among young adults to decrease early initiation and transitions to use of these substances. Campus-based services must also exist to promote abstinence and aid in recovery among those struggling with addiction. Moreover, clinicians, particularly those in campus-based settings, must assess use of the range of tobacco products -not just cigarettes -as well as marijuana and alcohol on a systematic basis.
This study has some limitations. First, the study sample, drawn from colleges/universities in Georgia and is subject to selection bias, may not generalize to all young adults; however, our sample is diverse in terms of race/ethnicity, geographic location (urban vs. rural), and socioeconomic backgrounds. Second, although our scope of measures may not be inclusive of all potentially important measures related to substance use, the measures selected were drawn from the literature relevant to tobacco, marijuana, and alcohol use in this population. Third, the cross-sectional design limits the extent to which we can make causal attributions or determine intra-individual trajectories of substance use over time. Subsequent multiwave analyses will enable us to address this issue using the results from this cross-sectional analysis to guide subsequent analyses and correlates of interest. These analyses are also limited by the self-report nature of the assessments. In particular, substance use is often underreported, especially for more recent time periods, and may be particularly underreported by some subgroups of the sample. Additionally, whether or not the participant was aware of the substance use of others (e.g., parents or friends) is a limitation of the data. Finally, given the transient nature of young adults between and within the academic year, there may have been transitions that are not accounted for in this cross-sectional analyses. Future analyses using longitudinal data can address the impact of changing residential circumstances on substance use over time.
CONCLUSIONS
Five distinct categories of substance use behaviors were identified within a sample of young adult college students. The largest two groups were Alcohol only users and Abstainers. The other three groups identified varied in their level of tobacco and marijuana use. These groups were also somewhat unstable when examining group membership from a past 4 month to a past 30 day time frame, indicating rapid transitions among some subgroups. However, less rapid transitioning was seen in others, particularly the Heavy polytobacco users and the LCC/hookah/marijuana co-users, indicating some level of addiction contributing to consistent use. These five groups were distinct in terms of sociodemographic, individuallevel, and sociocontextual factors.
HIGHLIGHTS
• Five categories of young adults were identified in relation to substance use.
• These groups were distinct in terms of sociodemographic and risk factors.
• The instability of these groups suggest rapid transitions in substance use patterns.
• Heavy poly-substance users were the most consistent, perhaps due to addiction. Table 4 Covariates of class assignment per past 4 month use patterns compared to Abstainers (N=3193) 
